Introduction

M
any of the risk factors that determine chronic diseases in adult life are already present in childhood. This is the case of obesity and physical inactivity. The presence of obesity in childhood and adolescence increases the risk of suffering from obesity in adult life, 1 and the appearance of several processes such as type 2 diabetes, cardiovascular diseases and chronic back pain. 2, 3 By the same token, adequate physical activity in children and adolescents is linked to lower cardiovascular risk, lower levels of anxiety, better musculoskeletal development and, logically, lower body weight. 4 Among the different factors that have been proposed as determinants of obesity and absence of physical activity in childhood is socioeconomic context of neighbourhood of residence. Studies conducted on children and adolescents have highlighted the fact that the areas with greater material deprivation or lower levels of wealth register a higher prevalence of obesity and/or overweight, regardless of shousehold socio-economic position. [5] [6] [7] [8] The limited availability of shops and supermarkets in the vicinity of subjects' area of residence has been shown to reduce access to healthy food in the most depressed areas and would thus be one of the reasons why prevalence of childhood obesity tends to be higher in such areas. In contrast, there is little evidence on the relationship between socio-economic context of neighbourhood of residence and physical inactivity in the childhood population. Yet, should this relationship exist, it might, in part, be due to the difference in the availability of sports infrastructures which is to be seen between areas of greatest and least material deprivation. Some studies have indeed reported a smaller number of sports facilities in poorer areas. 9, 10 Accordingly, this study sought to ascertain the relationship between socio-economic context of neighbourhood of residence and obesity and physical inactivity among the childhood population of a southern European city, and assess the possible importance of the availability of shops and sports infrastructures in this relationship.
Methods
Measures of obesity and physical inactivity
Obesity and physical inactivity estimates were drawn from the 2005 Madrid City Health Survey, for which individuals aged under 16 years were selected by two-stage cluster sampling, with stratification by census districts, which constituted the first stage units. The census districts were selected with a probability proportional to their population size, while respondents within each district were chosen by simple random selection. Interviews were conducted at the homes of the persons selected, with questionnaires being completed by one of the parents or, where this was not possible, by the person's guardian. Children aged 6-15 years were selected for analysis purposes. In all, 727 children from 119 Madrid city neighbourhoods were analysed.
In the earlier survey, every boy and girl was weighed and measured, with their body mass index (BMI) then being calculated on the basis of these data. BMI and obesity were respectively defined using the international BMI cut-off points established for children and youth. 11 In the questionnaire, respondents were also asked, 'Which of these possibilities best describes the frequency with which the child does some physical activity or sport in his/her free time?' The four possible replies were '(i) No exercise'; '(ii) He/she does some physical or sports activity less than once a month'; '(iii) He/she does some physical or sports activity one or more times a month' and '(iv) He/she does some physical or sports activity one or more times a week'. These responses were grouped into the following two categories: no physical activity (first and second replies) and some activity (any of the other alternatives).
Household socio-economic characteristics
On the basis of data collected in the survey, two measures of household socio-economic position were used, namely, the primary household earner's educational level and professional qualifications. Children were classified by the first measure as having tertiary, secondary and primary or lower education, and by the second measure as being highly skilled (managers and directors of medium-and large-sized enterprises and professionals traditionally associated with university degrees), mid-ranking professionals (managers and directors of small-sized enterprises, professionals traditionally associated with university diplomas, associate professionals and technicians, culture, media and sports occupations), skilled or unskilled manual workers (mid-ranking occupations, supervisors, and skilled and semi-skilled workers) and unskilled manual workers.
Area characteristics
Two indicators were obtained which reflected the socio-economic context of Madrid neighbourhoods, i.e. the unemployment rate as an indicator of material deprivation and mean habitable home surface area as an indicator of wealth. Neighbourhoods were grouped into quartiles according to the earlier two indicators. These data were estimated on the basis of the 2001 population census.
12 Each respondent was then assigned to a quartile of each indicator based on his/her neighbourhood of residence.
The number of retail shops and supermarkets and the number of sports facilities per 1000 population were estimated for each neighbourhood. Two categorical variables were calculated based on the quartiles of distribution of these rates, and each individual was assigned to a quartile according to his/her neighbourhood of residence.
Information on the number of retail shops and supermarkets in each neighbourhood was supplied by the Madrid Regional Statistics Institute on the basis of the 2005 Regional Directory of Units of Economic Activity (Directorio de Unidades de Actividad Económica de la Comunidad de Madrid). Information on the number of sports facilities in each neighbourhood was obtained from the 2005 National Census of Sports Facilities (Censo Nacional de Instalaciones Deportivas).
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Statistical analysis
The study used an observational design.
We evaluated the following: first, the relationship between indicators of socio-economic environment and obesity, population characteristics and area of residence and second, the relationship between population characteristics and obesity and physical inactivity, using the chi-squared test. The association between the two indicators of socio-economic environment on the one hand and obesity and physical inactivity on the other was assessed using the odds ratio estimated by multilevel logistic regression. Given the hierarchical structure of the data shown at two levels, i.e. individuals within neighbourhoods and the possible residual correlation among persons within neighbourhoods, the odds ratio for neighbourhood characteristics was estimated using multilevel logit models, which included a random effect of the intercept at the origin for each neighbourhood. The models were adjusted using the SAS GLIMMIX procedure. 14 Statistical analysis took place in the autumn of 2013.
Results
The relationship between characteristics of the population and area of residence and the two indicators of socio-economic environment was significant in obesity, primary household earner's educational level and occupation and number of sports facilities per 1000 population (table 1) . Table 2 shows the prevalence of obesity and physical inactivity by reference to different household socio-economic and environmental characteristics. Obesity displayed a significant relationship with age and educational level, whereas physical inactivity was significantly associated with sex and educational level. Table 3 shows the association between the two indicators of socioeconomic environment and obesity. The magnitude of the association adjusted for age and sex in the different categories of the two indicators decreased when adjustment was made for household socio-economic position. Children and adolescents living in neighbourhoods with higher unemployment rates and with smaller habitable home surface areas had age-and sex-adjusted odds ratios for obesity that were 4.71 and 3.03 times greater than did children and adolescents living in neighbourhoods with lower unemployment rates and with larger habitable home surface areas, respectively. After adjusting for socio-economic position, the odds ratios were 3.79 and 2.38, respectively; and, on additionally adjusting for availability of food shops, these odds ratios were 3.68 and 2.36, respectively.
Lastly, table 4 shows that there was no evidence of a relationship between the two indicators of socio-economic environment and physical inactivity. The P values for subject characteristics is based on the chi-square test for trend, and the P values for area characteristics is based on linear regression.
Discussion
The results of this study show that, while children and adolescents resident in Madrid neighbourhoods with worse socio-economic indicators registered a higher prevalence of obesity, there was no relationship between these socio-economic variables and physical inactivity. The availability of shops and sports facilities in neighbourhoods had no influence on the associations studied. Other researchers have also shown an area of residence's socioeconomic environment to be a predictor of body weight among children and adolescents. 7, 8, [15] [16] [17] Yet, there are few studies that simultaneously consider both the environment of a given area and the socio-economic position of local households. 18 Some of these authors conclude that the relationship between area of residence and obesity is maintained after adjustment for individual factors, which suggests that some determinants of area of residence may be implicated in the appearance of obesity. [19] [20] [21] Researchers who, like us, assessed the earlier socio-economic environment by reference to percentage unemployment and household characteristics reported an increase in the risk of obesity, in cases where the father, in particular, was not gainfully employed. 5, 22, 23 Other researchers have not however observed this relationship 17 with population BMI.
Unequal access to healthy food is one of the mechanisms whereby socio-economic factors can influence both healthy eating habits and body weight. Hence, the presence of food shops might act by increasing the consumption of 'healthy foods', such as fruit and vegetables, and providing a wider variety of food. 24, 25 Some authors state that the existence of a supermarket in the proximity of the home is linked to better diet 25 and less obesity. 26 In this respect, other studies report that residents with a worse socioeconomic level have less access to supermarkets 23, 27, 28 and greater access to 24-h outlets 23 , something that might contribute to the inequalities present in diet, and by extension, in the prevalence of obesity. 27 Nevertheless, a recent US-based study observed that there was a greater concentration of supermarkets in the most underprivileged neighbourhoods, so that it would be advisable to ascertain just how these elements act on the eating habits of the most vulnerable populations. 23 No relationship was found between socio-economic environment and physical inactivity. In recent years, changes in the environmental factors of communities have lead to a sharp rise in sedentary behaviours and a decline in physical activity. 29, 30 In this respect, research has been conducted into the possible relationship between socio-economic context, availability of sports infrastructures and inactivity among adults. The results have however been uneven. In the USA, a nationwide study observed that an area's socio-economic level was positively related to access to fitness facilities and sports clubs. 31 In UK 9 observed a smaller number of sports infrastructures in the poorest areas, whereas in New Zealand facilities were more accessible in areas of greater socio-economic deprivation. 10 An earlier study undertaken in Spain 32 showed that the availability of sports facilities shaped the relationship between socio-economic environment and physical inactivity among adults aged over 50 years but not among the youngest segment. Furthermore, other authors indicate that both the proximity and the availability of infrastructures would have to be assessed, since both variables would show a direct relationship with exercise levels. 33 There are few studies that assess the relationship between the socio-economic context of neighbourhood of residence and Referring to primary household earner's educational level and occupation. physical inactivity among children and adolescents, 34 and the possible role that the availability of sports infrastructures might play in this relationship. This study does not confirm the earlier association. Indeed, this hypothesis continues to be controversial, i.e. while a review conducted by van der Horst et al. 4 in 2007 detected no association between the availability of sports facilities and doing exercise, other authors have arrived at the opposite conclusion. 35 Individual socio-economic and area-specific characteristics can intervene in physical inactivity through different mechanisms 5 , so that other neighbourhood factors not assessed in this study, such as perception of ease of access to sports facilities, may possibly contribute to the community's level of exercise. 16, 17, [36] [37] [38] [39] When it comes to interpreting this study's findings, some of its strengths and limitations must be borne in mind. It is the first study to examine the proposed hypothesis in a southern European city. In addition, a neighbourhood-based study avoids the limitations posed by larger geographical units, with their greater heterogeneity in terms of availability of facilities and residents' socio-economic profile. 15 Third, based on measured weight and height, BMI was used for the purposes of this study; and BMI is considered the indicator of choice for measuring obesity in children aged 2-19 years. 40 Furthermore, use was made of Cole's 11 criteria, which allow for international comparisons between the children and adolescents of different populations. Similarly, one should not rule out the possibility of there being unknown errors of measurement in the collection of data on physical inactivity; even so, there is no need to suppose that such errors would differ in terms of neighbourhood of residence. Insofar as possible limitations are concerned, it should be noted that this study had a cross-sectional design which could affect the direction of the association investigated, though it is highly unlikely that obesity or physical inactivity in children would be determined by the neighbourhood in which they resided. Finally, as occurs in other studies, future research is needed to investigate the working mechanisms through which the neighbourhood social environment exerts its effect on BMI. 16 In brief, this study's findings show a relationship between a neighbourhood's socio-economic context and obesity among children and adolescents in the city of Madrid. This association is not accounted for by household socio-economic position or by the availability of food shops. In contrast, neither neighbourhood socio-economic context nor the availability of sports facilities appears to play a role in physical inactivity.
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Key points
This study shows an important relationship between the socio-economic context of neighbourhood of residence and childhood obesity what it was not accounted by the availability of retail shops. Neither neighbourhood socio-economic context nor availability of sports facilities was related to physical inactivity. 
